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Abstract: 
Correlation coefficient and path analysis study among grain quality components in rice were studied in thirty crosses.  Crosses were attempted in 
such a way that each line was pollinated by all pollen parents in line x tester pattern.  The experimental material consisted of 5 lines viz., B6441-
F-MR-6-0-0, G 9502, F7 10, BR 240, VL 16 and 6 testers viz., IR 64, Abhaya, MTU 1010, IRBL 10, IRBL 22 and LTH.  In correlation studies, 
the following characters were found to be of importance in selection viz., hulling percentage (HP), paddy length (Pad L), head rice recovery 
(HRR), milling percentage (MP), brown rice length (BRL) and it also exhibited a positive interrelation among themselves. Selection based on 
hulling percentage (HP) is suitable, since it brings simultaneous improvement in all other quality parameter traits.  Path analysis of head rice 
recovery (HRR) showed that brown rice length (BRL), milling percentage (MP), hulling percentage (HP) and water uptake (WU) were most 
important contributing characters towards the head rice recovery (HRR) based on their high positive direct effects. 
 
Keywords:  Correlation coefficient, path analysis and grain quality.  
 
The success of any variety not only depends on its 
yield,  but  also  the  grain  quality  which  is  mostly 
acceptable by the consumer.  Quality trait is complex 
in  nature,  which  is  influenced  by  the  environment.  
Understanding the relationship between yield and its 
components  is  of  the  paramount  importance  for 
making the best use of the relationships in selection 
(Sarawgi  et  al.,  1997).    The  data  obtained  from 
correlation  coefficient  can  be  augmented  by  path 
analysis.    Path  coefficient  analysis  splits  the 
genotypic correlation coefficient into the measure of 
direct  and  indirect  effects.    In  the  present 
investigation, to study correlation and path analysis 
of component characters of grain qualities of thirty 
crosses which were produced by the line x tester (5 
female x 6 male) method.   
 
Experimental material used for this study consisted of 
thirty crosses.  The parental material consisted of five 
lines  viz.,  B6441-F-MR-6-0-0,  G  9502,  F7  10,  BR 
240 and VL 16 and six testers viz., IR 64, Abhaya, 
MTU 1010, IRBL 10, IRBL 22 and LTH.    Thirty 
crosses were produced through line x tester method 
and planted in a Randomized Block Design with two 
replications at Research Farm of Indira Gandhi Krishi 
Vishwavidyalaya, Raipur during Kharif 2007. Then, 
the harvested seeds were evaluated for quality traits 
viz.,  Hulling  Percentage  (HP),  Milling  Percentage 
(MP),  Head  Rice  Recovery  (HRR)  (%),  Paddy 
Length  (Pad  L)  (mm),  Brown  Rice  Length  (BRL) 
(mm),  Kernel  Length  (KL)  (mm),  Kernel  Length 
after Cooking (KLAC) (mm), Kernel Breadth before 
Cooking  (mm)  (KBAC)  and  Water  Uptake  (WU) 
(ml).   
 
Required quantities (100 g) of harvested seeds were 
used to record the HP, which were properly cleaned 
before  starting  the  experiment.  From  that  material, 
the (Pad L) of randomly selected ten spikelet’s were 
measured in millimeters.  The dehusking of rice was 
done  by  dehusker  and  hulled  rice  weight  was 
recorded and the HP was calculated as  
      
Hulling % (HP)=     Weight of dehusked kernel/ 
 Weight of the paddy x 100 
    
After  hulling  percentage,  randomly  selected  ten 
hulled  rice  (brown  rice)  were  used  to  measure  the 
brown rice length (BRL) in millimeters. The brown 
rice  was  put  into  standard  miller  for  polishing  and 
later milled rice weight was recorded and the MP was 
calculated as per formula 
        
 Milling % (MP)=Weight of polished kernel/ 
Weight of the paddy x100  
   
From  milled  rice,  sorted  full  rice  (3/4  kernel  was 
taken  as  whole  grain)  and  broken  rice  and  then 
recorded the weight of full rice calculated head rice 
recovery (HRR) by using the formula  
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Head Rice Recovery (HRR)  
=Weight of whole polished kernel/ 
Weight of the paddy X 100. 
   
The KL of randomly selected ten milled grains was 
measured  in  millimeter.    The  milled  grains  were 
cooked to measure the (KLAC) and (KBAC).  The 
length and breadth of randomly selected ten grains 
were measured in millimeters.  
 
To measure WU, required quantity (2g) of milled rice 
was taken in a graduate test tube and 10 ml of water 
was added.  It was allowed to soak for 30 minutes 
and then boiled for 45 minutes at 77°C to 80° C in a 
constant temperature water bath.  Kept 2-3 test tubes 
with 10 ml of water as control along with samples in 
water  bath.    The  tubes  were  placed  in  beaker  in 
graduated cylinder after cooking and noted the water 
level. 
 
Water Uptake = 100/2g   x actual water absorbed  
 
Correlation  coefficients  were  calculated  for  all  the 
character combinations at genotypic, phenotypic and 
environmental levels as per formula given by Miller 
et al., (1958).  The path coefficient analysis splits the 
genotypic  correlation  coefficient  into  direct  and 
indirect effect according to Dewey and Lu (1959). 
 
Analysis  of  Variance  for  all  the  traits  under  study 
presented  in  the  Table  1.    The  further  analysis 
showed  highly  significant  variance  for  all  the 
characters among the parents, hybrids, tester and line 
x testers.  And also the variance due to parent’s vs. 
hybrids,  lines  was  significant  for  all  the  characters 
except PL, BRL, KBAC and KLAC. This suggested 
that sufficient variability is available in material used 
for present study. 
 
Correlation  coefficients  among  different  quality 
parameters are shown in the Table 2.  In the present 
investigation,  most  of  the  characters  exhibit  higher 
genotypic  correlation  than  phenotypic  correlation 
coefficient  thereby  suggesting  strong  inherent 
association under genotypic level.  These results were 
in  accordance  with  the  findings  of  Sumathi  and 
Muralidharan (2007).  Grain yield had a significant 
positive  association  with  KBAC  at  phenotypic, 
genotypic and environmental level.  The characters 
like HP, MP and HRR showed a significant positive 
association at phenotypic and genotypic level. Grain 
yield was positively correlated with Pad L similar to 
Sarawgi  et  al.,  (1997),  Mohan  and  Narayanswami 
(1973) and Kaul and Kumar (1982).   
 
Head  rice  recovery  had  a  significant  positive 
association with KBAC at phenotypic, genotypic and 
environment level and significant positive correlation 
with WU at genotypic level and it showed positive 
correlation with Pad L and BRL at phenotypic and 
genotypic level.  It showed positive correlation with 
KLAC  and  KL  as  seen  by  Binodh  et  al.  (2007).  
Hulling  percentage  exhibited  a  significant  positive 
association with MP, HRR, Pad L and BRL at  both 
genotypic and phenotypic level.  Milling percentage 
recorded  a  significant  positive  association  with  the 
KLAC  at  phenotypic,  genotypic  and  environmental 
levels.    Pad  L  expressed  significant  positive 
associations with BRL, KL and KLAC at genotypic, 
phenotypic  and  environmental  levels.    BRL  had 
significant positive association with KL and KLAC at 
phenotypic,  genotypic  and  environmental  levels.  
Similar  findings  were  reported  by  (Veni  and  Rani, 
2006).   KL showed significant positive association 
with  KLAC  at  phenotypic,  genotypic  and 
environment  levels.    KLAC  had  a  significant 
negative association with KBAC at genotypic level.  
Hence  the  characters  to  be  given  importance  for 
selection are HP, Pad L, HRR, MP, BRL.  Selection 
based on HP is suitable as it will bring simultaneous 
improvement of all other quality parameters.  
 
Path  coefficient  analysis  splits  the  genotypic 
correlation coefficient into the measures of direct and 
indirect effects. It measures direct and indirect effects 
of different characters on head rice recovery (Table 
3).    BRL  (0.592)  expressed  a  highest  positive 
direct effect on HRR  followed by MP (0.296), HP 
(0.252)  and  WU  (0.045)  whereas  lowest  positive 
direct effect on HRR was shown by KLAC (0.001).  
Among  the  negative  direct  effects,  KL  (-0.556) 
showed  highest  negative  direct  effect  on  HRR 
followed by Pad L (-0-043) and KBAC (-0.040).  HP 
showed  a  positive  indirect  effect  on  head  rice 
recovery through milling percentage (0.239) followed 
by brown rice length (0.146). MP, BRL and KBAC 
had a positive indirect effect on head rice recovery 
through hulling percentage.  PL, KL, KLAC and WU 
exhibited a positive indirect effect on HRR through 
BRL. It is concluded that brown rice length, milling 
percentage, hulling percentage and water uptake are 
most  important  contributing  characters  towards  the 
head rice recovery. 
 
References 
Binodh, A. K., Kalaiyarasi, R. and Thiyagarajan, K. 2007.  
Genetic parameter studies on quality traits in rice.  
Madras Agric. J., 94: 109 – 113. 
Dewey, D. R. and Lu, H. H. 1959.  A correlation and path 
coefficient  analysis  of  components  of  crested 
wheat grass seed production.  Agron. J., 51: 515 
– 518. 
Kaul, M.C.H. and Kumar, V. 1982.  Genetic variability in  
  Electronic Journal of Plant Breeding, 1(6): 1468-1473    (Dec 2010) 
                ISSN  0975-928X 
http://sites.google.com/site/ejplantbreeding     1470
rice.  Genet. Agrar., 36: 257 – 268.  
Miller,  D.A.,  Williams,  J.C.,  Robinson,  H.F.  and 
Comstock, K. B. 1958.  Estimates of genotypic 
and environmental variances and covariances in 
upland cotton and their implication in selection.  
Agron. J., 50: 126 – 131. 
Mohan, J.C. and Narayanswami, P. 1973.  Correlation of 
yield  components  and  other  metric  traits  with 
yield in tall and dwarf indica rice. Madras Agric. 
J., 60: 1162 – 1168.  
Sarawgi,  A.K.,  Rastogi,  N.K.  and  Soni,  D.  K.  1997.  
Correlation and path analysis in rice accessions 
from Madhya Pradesh.  Field Crops Res., 52: 161 
– 167. 
Sumathi,  P.  and  Muralidharan,  V.  2007.    Character 
association  and  path  coefficient  analysis  in 
confectionary type groundnut (Arachis hypogaea 
L.). Madras Agric. J., 94: 105 – 109. 
Veni,  B.K.  and  Rani,  N.  S.  2006.    Association  of  grain 
yield with quality characteristics and other yield 
components in rice.  Oryza, 43: 320 – 322.   
  
 
E
l
e
c
t
r
o
n
i
c
 
J
o
u
r
n
a
l
 
o
f
 
P
l
a
n
t
 
B
r
e
e
d
i
n
g
,
 
1
(
6
)
:
 
1
4
6
8
-
1
4
7
3
 
 
 
 
(
D
e
c
 
2
0
1
0
)
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
I
S
S
N
 
 
0
9
7
5
-
9
2
8
X
 
h
t
t
p
:
/
/
s
i
t
e
s
.
g
o
o
g
l
e
.
c
o
m
/
s
i
t
e
/
e
j
p
l
a
n
t
b
r
e
e
d
i
n
g
 
 
 
1
4
7
1
T
a
b
l
e
 
1
:
 
A
n
a
l
y
s
i
s
 
o
f
 
V
a
r
i
a
n
c
e
 
(
A
N
O
V
A
)
 
f
o
r
 
L
i
n
e
 
x
 
t
e
s
t
e
r
 
a
n
a
l
y
s
i
s
 
 
 
S
o
u
r
c
e
 
 
 
D
e
g
r
e
e
 
o
f
 
f
r
e
e
d
o
m
 
 
M
e
a
n
 
s
u
m
 
o
f
 
s
q
u
a
r
e
s
 
 
 
G
r
a
i
n
 
y
i
e
l
d
 
 
H
P
 
 
M
P
 
 
H
R
R
 
 
P
a
d
 
L
 
 
B
R
L
 
 
K
L
 
 
K
L
A
C
 
 
K
B
A
C
 
 
W
U
 
 
R
e
p
l
i
c
a
t
i
o
n
 
 
1
 
 
2
.
2
2
 
 
4
.
8
2
*
 
 
5
.
7
8
*
 
 
3
.
7
8
 
 
0
.
1
1
 
 
0
.
1
5
 
 
0
.
0
0
7
 
 
0
.
0
2
 
 
0
.
0
6
 
 
8
0
.
3
9
 
 
P
a
r
e
n
t
s
 
 
1
0
 
 
3
4
.
8
7
*
*
 
 
2
8
.
2
9
*
*
 
 
3
7
.
7
7
*
*
 
 
3
1
.
9
0
*
*
 
 
1
.
0
2
*
 
 
0
.
5
7
*
*
 
 
0
.
6
8
*
*
 
 
1
.
1
2
*
*
 
 
0
.
0
9
*
*
 
 
5
4
3
1
.
8
7
*
*
 
 
H
y
b
r
i
d
s
 
 
2
9
 
 
3
4
.
2
9
*
*
 
 
4
8
.
7
8
*
*
 
 
5
2
.
0
0
*
*
 
 
5
5
.
0
3
*
*
 
 
1
.
3
3
*
*
 
 
0
.
6
7
*
*
 
 
0
.
6
5
*
*
 
 
1
.
0
9
*
*
 
 
0
.
0
6
*
*
 
 
5
4
4
4
.
7
1
*
*
 
 
P
a
r
e
n
t
s
 
v
s
.
 
h
y
b
r
i
d
s
 
 
1
 
 
1
7
8
.
9
2
*
*
 
 
2
8
.
8
2
*
*
 
 
4
7
.
7
6
*
*
 
 
5
0
.
3
2
*
*
 
 
0
.
1
3
 
 
0
.
0
0
6
 
 
0
.
2
7
*
*
 
 
3
.
9
9
*
*
 
 
0
.
0
3
 
 
1
7
0
.
0
0
*
*
 
 
L
i
n
e
s
 
 
4
 
 
2
7
.
3
4
*
*
 
 
2
1
.
3
4
*
*
 
 
5
4
.
9
0
*
*
 
 
3
0
.
1
9
*
*
 
 
0
.
6
2
 
 
0
.
3
9
*
*
 
 
0
.
1
7
 
 
0
.
3
2
 
 
0
.
0
9
*
*
 
 
1
9
0
8
.
4
4
*
*
 
 
T
e
s
t
e
r
s
 
 
5
 
 
4
3
.
8
2
*
*
 
 
3
9
.
5
1
*
*
 
 
3
0
.
0
2
*
*
 
 
3
0
.
3
9
*
*
 
 
1
.
5
2
*
*
 
 
0
.
8
2
*
*
 
 
0
.
7
8
*
*
 
 
1
.
6
5
*
*
 
 
0
.
1
0
*
*
 
 
3
7
7
0
.
1
0
*
*
 
 
L
i
n
e
s
 
x
 
t
e
s
t
e
r
s
 
 
2
0
 
 
3
3
.
3
0
*
*
 
 
5
6
.
5
9
*
*
 
 
5
6
.
9
1
*
*
 
 
6
6
.
1
5
*
*
 
 
1
.
4
2
*
*
 
 
0
.
6
9
*
*
 
 
0
.
7
2
*
*
 
 
1
.
1
0
*
*
 
 
0
.
0
4
 
 
6
5
7
0
.
6
2
*
*
 
 
E
r
r
o
r
 
 
4
0
 
 
0
.
7
5
 
 
0
.
8
9
 
 
.
1
6
 
 
0
.
8
0
 
 
0
.
0
2
 
 
0
.
0
2
 
 
0
.
1
3
 
 
0
.
0
2
 
 
0
.
0
1
 
 
1
2
.
8
5
 
 
*
 
S
i
g
n
i
f
i
c
a
n
t
 
a
t
 
p
 
=
 
0
.
0
5
;
 
 
 
*
*
 
S
i
g
n
i
f
i
c
a
n
t
 
a
t
 
p
 
=
 
0
.
0
1
 
r
e
s
p
e
c
t
i
v
e
l
y
.
 
H
P
 
–
 
H
u
l
l
i
n
g
 
P
e
r
c
e
n
t
a
g
e
;
 
 
 
 
 
M
P
 
–
 
M
i
l
l
i
n
g
 
P
e
r
c
e
n
t
a
g
e
;
 
H
R
R
 
–
 
H
e
a
d
 
R
i
c
e
 
R
e
c
o
v
e
r
y
;
 
P
a
d
 
L
 
–
 
P
a
d
d
y
 
L
e
n
g
t
h
;
 
 
B
R
L
 
–
 
B
r
o
w
n
 
R
i
c
e
 
L
e
n
g
t
h
;
 
K
L
 
–
 
K
e
r
n
e
l
 
L
e
n
g
t
h
;
 
 
 
 
 
 
 
 
 
K
L
A
C
 
–
 
K
e
r
n
e
l
 
L
e
n
g
t
h
 
a
f
t
e
r
 
C
o
o
k
i
n
g
;
 
K
B
A
C
 
–
 
K
e
r
n
e
l
 
B
r
e
a
d
t
h
 
b
e
f
o
r
e
 
C
o
o
k
i
n
g
;
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
W
U
 
–
 
W
a
t
e
r
 
U
p
t
a
k
e
 
 
  
 
E
l
e
c
t
r
o
n
i
c
 
J
o
u
r
n
a
l
 
o
f
 
P
l
a
n
t
 
B
r
e
e
d
i
n
g
,
 
1
(
6
)
:
 
1
4
6
8
-
1
4
7
3
 
 
 
 
(
D
e
c
 
2
0
1
0
)
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
I
S
S
N
 
 
0
9
7
5
-
9
2
8
X
 
h
t
t
p
:
/
/
s
i
t
e
s
.
g
o
o
g
l
e
.
c
o
m
/
s
i
t
e
/
e
j
p
l
a
n
t
b
r
e
e
d
i
n
g
 
 
 
1
4
7
2
T
a
b
l
e
 
2
:
 
P
h
e
n
o
t
y
p
i
c
 
(
P
)
,
 
G
e
n
o
t
y
p
i
c
 
(
G
)
 
a
n
d
 
E
n
v
i
r
o
n
m
e
n
t
a
l
 
(
E
)
 
c
o
r
r
e
l
a
t
i
o
n
 
f
o
r
 
v
a
r
i
o
u
s
 
t
r
a
i
t
s
 
 
C
h
a
r
a
c
t
e
r
s
 
 
C
o
r
r
e
l
a
t
i
o
n
 
H
P
 
 
M
P
 
 
H
R
R
 
 
 
P
a
d
 
L
 
 
 
B
R
L
 
 
 
K
L
 
 
 
K
L
A
C
 
 
K
B
A
C
 
 
W
U
 
G
r
a
i
n
 
y
i
e
l
d
/
 
p
l
a
n
t
 
P
h
e
n
o
t
y
p
e
 
0
.
4
9
9
*
*
 
0
.
4
7
2
*
*
 
0
.
3
4
0
*
*
 
-
0
.
0
1
3
 
0
.
1
0
4
 
0
.
1
1
1
 
0
.
0
0
9
 
0
.
2
1
8
*
 
-
0
.
0
2
5
 
 
G
e
n
o
t
y
p
e
 
0
.
5
1
5
*
*
 
0
.
4
8
7
*
*
 
0
.
3
5
8
*
*
 
-
0
.
0
2
0
 
0
.
1
0
2
 
0
.
1
5
9
 
0
.
0
1
7
 
0
.
2
4
2
*
 
-
0
.
0
2
9
 
 
E
n
v
i
r
o
n
m
e
n
t
 
0
.
1
1
7
 
0
.
1
3
5
 
-
0
.
1
4
1
 
0
.
1
7
1
 
0
.
1
5
2
 
-
0
.
1
2
9
 
-
0
.
1
8
9
 
0
.
2
8
2
*
*
 
0
.
2
2
2
*
 
H
P
 
P
h
e
n
o
t
y
p
e
 
 
0
.
7
7
8
*
*
 
0
.
1
7
4
*
*
 
0
.
2
2
2
*
 
0
.
2
4
2
*
 
0
.
1
9
8
 
0
.
1
5
8
 
0
.
1
8
8
 
0
.
1
1
7
 
 
G
e
n
o
t
y
p
e
 
 
0
.
8
0
6
*
*
 
0
.
7
5
1
*
*
 
0
.
2
3
2
*
 
0
.
2
4
7
*
 
0
.
2
5
7
*
 
0
.
1
6
3
 
0
.
2
3
5
*
 
0
.
1
1
8
 
 
E
n
v
i
r
o
n
m
e
n
t
 
 
0
.
1
7
8
 
-
0
.
2
4
3
*
 
0
.
0
0
4
 
0
.
1
7
8
 
-
0
.
0
4
5
 
0
.
0
3
7
 
0
.
0
7
7
 
0
.
1
3
7
 
M
P
 
P
h
e
n
o
t
y
p
e
 
 
 
0
.
7
6
3
*
*
 
0
.
1
8
3
 
0
.
2
0
2
 
0
.
1
6
3
 
0
.
2
2
7
*
 
0
.
1
9
0
 
0
.
2
1
0
 
 
G
e
n
o
t
y
p
e
 
 
 
0
.
7
9
7
*
*
 
0
.
1
7
6
 
0
.
1
9
4
 
0
.
1
9
3
 
0
.
2
2
5
*
 
0
.
1
5
7
 
0
.
2
1
5
*
 
 
E
n
v
i
r
o
n
m
e
n
t
 
 
 
-
0
.
0
4
6
 
0
.
3
3
7
*
*
 
0
.
3
3
7
*
*
 
0
.
1
8
1
 
0
.
2
6
4
*
 
0
.
5
1
9
*
*
 
0
.
0
3
7
 
H
R
R
 
P
h
e
n
o
t
y
p
e
 
 
 
 
0
.
2
1
1
*
 
0
.
2
8
0
*
*
 
0
.
1
1
1
 
0
.
2
8
4
*
*
 
0
.
1
3
4
 
0
.
0
6
9
 
 
G
e
n
o
t
y
p
e
 
 
 
 
0
.
2
1
5
*
 
0
.
2
8
5
*
*
 
0
.
1
0
1
 
0
.
2
7
8
*
*
 
0
.
1
5
1
 
0
.
0
6
8
 
 
E
n
v
i
r
o
n
m
e
n
t
 
 
 
 
0
.
1
0
1
 
0
.
2
0
3
 
0
.
2
9
4
*
*
 
0
.
4
4
2
*
*
 
0
.
1
6
4
 
0
.
1
4
5
 
P
a
d
 
L
 
P
h
e
n
o
t
y
p
e
 
 
 
 
 
0
.
7
6
2
*
*
 
0
.
5
2
9
*
*
 
0
.
3
4
9
*
*
 
-
0
.
5
0
 
0
.
3
1
7
*
*
 
 
G
e
n
o
t
y
p
e
 
 
 
 
 
0
.
7
8
1
*
*
 
0
.
6
1
3
*
*
 
0
.
3
4
5
*
*
 
-
0
.
1
3
1
 
0
.
3
2
2
*
*
 
B
R
L
 
P
h
e
n
o
t
y
p
e
 
 
 
 
 
 
0
.
6
3
3
*
*
 
0
.
3
5
7
*
*
 
-
0
.
6
0
 
0
.
1
2
0
 
 
G
e
n
o
t
y
p
e
 
 
 
 
 
 
0
.
7
3
1
*
*
 
0
.
3
5
1
*
*
 
-
0
.
1
7
3
 
0
.
1
1
8
 
K
L
 
P
h
e
n
o
t
y
p
e
 
 
 
 
 
 
 
0
.
3
1
6
*
*
 
0
.
0
4
6
 
0
.
1
1
3
 
 
G
e
n
o
t
y
p
e
 
 
 
 
 
 
 
0
.
3
2
6
*
*
 
-
0
.
0
7
9
 
0
.
1
2
6
 
K
L
A
C
 
P
h
e
n
o
t
y
p
e
 
 
 
 
 
 
 
 
-
0
.
1
3
4
 
-
0
.
0
1
2
 
 
G
e
n
o
t
y
p
e
 
 
 
 
 
 
 
 
-
0
.
2
3
9
*
 
-
0
.
0
1
8
 
K
B
A
C
 
P
h
e
n
o
t
y
p
e
 
 
 
 
 
 
 
 
 
0
.
0
9
6
 
 
G
e
n
o
t
y
p
e
 
 
 
 
 
 
 
 
 
-
0
.
1
3
9
 
*
 
P
 
(
0
.
0
5
)
 
=
 
0
.
2
1
1
;
 
*
*
 
P
 
(
0
.
0
1
)
 
=
 
0
.
2
7
5
 
H
P
 
–
 
H
u
l
l
i
n
g
 
P
e
r
c
e
n
t
a
g
e
;
 
 
 
 
 
M
P
 
–
 
M
i
l
l
i
n
g
 
P
e
r
c
e
n
t
a
g
e
;
 
H
R
R
 
–
 
H
e
a
d
 
R
i
c
e
 
R
e
c
o
v
e
r
y
;
 
P
a
d
 
L
 
–
 
P
a
d
d
y
 
L
e
n
g
t
h
;
 
 
B
R
L
 
–
 
B
r
o
w
n
 
R
i
c
e
 
L
e
n
g
t
h
;
 
K
L
 
–
 
K
e
r
n
e
l
 
L
e
n
g
t
h
;
 
 
 
 
 
 
 
 
 
K
L
A
C
 
–
 
K
e
r
n
e
l
 
L
e
n
g
t
h
 
a
f
t
e
r
 
C
o
o
k
i
n
g
;
 
K
B
A
C
 
–
 
K
e
r
n
e
l
 
B
r
e
a
d
t
h
 
b
e
f
o
r
e
 
C
o
o
k
i
n
g
;
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
W
U
 
–
 
W
a
t
e
r
 
U
p
t
a
k
e
 
  
 
E
l
e
c
t
r
o
n
i
c
 
J
o
u
r
n
a
l
 
o
f
 
P
l
a
n
t
 
B
r
e
e
d
i
n
g
,
 
1
(
6
)
:
 
1
4
6
8
-
1
4
7
3
 
 
 
 
(
D
e
c
 
2
0
1
0
)
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
I
S
S
N
 
 
0
9
7
5
-
9
2
8
X
 
h
t
t
p
:
/
/
s
i
t
e
s
.
g
o
o
g
l
e
.
c
o
m
/
s
i
t
e
/
e
j
p
l
a
n
t
b
r
e
e
d
i
n
g
 
 
 
1
4
7
3
T
a
b
l
e
 
3
:
 
P
a
t
h
 
c
o
e
f
f
i
c
i
e
n
t
s
 
s
h
o
w
i
n
g
 
d
i
r
e
c
t
 
a
n
d
 
i
n
d
i
r
e
c
t
 
e
f
f
e
c
t
s
 
o
f
 
d
i
f
f
e
r
e
n
t
 
q
u
a
l
i
t
y
 
c
h
a
r
a
c
t
e
r
 
o
n
 
h
e
a
d
 
r
i
c
e
 
r
e
c
o
v
e
r
y
 
 
 
C
h
a
r
a
c
t
e
r
s
 
 
H
P
 
 
M
P
 
 
P
a
d
 
 
L
 
 
B
R
L
 
 
K
L
 
 
K
L
A
C
 
 
K
B
A
C
 
 
W
U
 
 
H
P
 
 
0
.
2
5
2
 
 
0
.
2
3
9
 
 
-
0
.
0
1
0
 
 
0
.
1
4
6
 
 
-
0
.
1
4
3
 
 
0
.
0
0
0
 
 
-
0
.
0
0
9
 
 
0
.
0
0
5
 
 
M
P
 
 
0
.
2
0
3
 
 
0
.
2
9
6
 
 
-
0
.
0
0
8
 
 
0
.
1
1
5
 
 
-
0
.
1
0
7
 
 
0
.
0
0
0
 
 
-
0
.
0
0
6
 
 
0
.
0
1
0
 
 
P
a
d
 
L
 
 
0
.
0
5
9
 
 
0
.
0
5
2
 
 
-
0
.
0
4
3
 
 
0
.
4
6
2
 
 
-
0
.
3
4
1
 
 
0
.
0
0
0
 
 
0
.
0
0
5
 
 
0
.
0
1
4
 
 
B
R
L
 
 
0
.
0
6
2
 
 
0
.
0
5
8
 
 
-
0
.
0
3
4
 
 
0
.
5
9
2
 
 
-
0
.
4
0
7
 
 
0
.
0
0
1
 
 
0
.
0
0
7
 
 
0
.
0
0
5
 
 
K
L
 
 
0
.
0
6
5
 
 
0
.
0
5
7
 
 
-
0
.
0
2
7
 
 
0
.
4
3
3
 
 
-
0
.
5
5
6
 
 
0
.
0
0
0
 
 
0
.
0
0
3
 
 
0
.
0
0
6
 
 
K
L
A
C
 
 
0
.
0
4
1
 
 
0
.
0
6
7
 
 
-
0
.
0
1
5
 
 
0
.
2
0
8
 
 
-
0
.
1
8
1
 
 
0
.
0
0
1
 
 
0
.
0
1
0
 
 
-
0
.
0
0
1
 
 
K
B
A
C
 
 
0
.
0
5
9
 
 
0
.
0
4
7
 
 
0
.
0
0
6
 
 
-
0
.
1
0
2
 
 
0
.
0
4
4
 
 
0
.
0
0
0
 
 
-
0
.
0
4
0
 
 
-
0
.
0
0
6
 
 
W
U
 
 
0
.
0
3
0
 
 
0
.
0
6
4
 
 
-
0
.
0
1
4
 
 
0
.
0
7
0
 
 
-
0
.
0
7
0
 
 
0
.
0
0
0
 
 
0
.
0
0
6
 
 
0
.
0
4
5
 
R
e
s
i
d
u
a
l
 
e
f
f
e
c
t
:
 
0
.
7
7
 
H
P
 
–
 
H
u
l
l
i
n
g
 
P
e
r
c
e
n
t
a
g
e
;
 
 
 
 
 
M
P
 
–
 
M
i
l
l
i
n
g
 
P
e
r
c
e
n
t
a
g
e
;
 
H
R
R
 
–
 
H
e
a
d
 
R
i
c
e
 
R
e
c
o
v
e
r
y
;
 
P
a
d
 
L
 
–
 
P
a
d
d
y
 
L
e
n
g
t
h
;
 
 
B
R
L
 
–
 
B
r
o
w
n
 
R
i
c
e
 
L
e
n
g
t
h
;
 
K
L
 
–
 
K
e
r
n
e
l
 
L
e
n
g
t
h
;
 
 
 
 
 
 
 
 
 
K
L
A
C
 
–
 
K
e
r
n
e
l
 
L
e
n
g
t
h
 
a
f
t
e
r
 
C
o
o
k
i
n
g
;
 
K
B
A
C
 
–
 
K
e
r
n
e
l
 
B
r
e
a
d
t
h
 
b
e
f
o
r
e
 
C
o
o
k
i
n
g
;
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
W
U
 
–
 
W
a
t
e
r
 
U
p
t
a
k
e
 
 